Objective: In postmenopausal black women in the Women's Health Initiative randomized trial, estrogen alone reduced breast cancers but its comprehensive influence on health outcomes in black women is unknown. Therefore, we examined this issue in the Women's Health Initiative overall and by African ancestry.
A fter reports from the Women's Health Initiative (WHI) 1, 2 and the Million Women's Study, 3 menopausal hormone therapy use decreased by approximately 50% in the United States 4, 5 and in other places around the world. 6, 7 Nonetheless, estrogen plus progestin and estrogen alone (for women with prior hysterectomy) remain frequently prescribed medications as they are the optimal approach to climacteric symptom management. As a result, there is a need for reliable information regarding the risks and benefits of their use.
Although black women have more severe climacteric symptoms than white women [8] [9] [10] and are more likely to have higher risk of stroke and heart disease death than white women, 11, 12 the role of menopausal hormone therapy on chronic disease outcomes among black women has been sparse. For example, in early observational studies of coronary heart disease (CHD) and menopausal hormone therapy from 1966 through 1996, black women comprised only 173 of 148,437 participants (0.1%). 13 More recently, excluding the two WHI hormone therapy trials, the seven largest randomized clinical trials evaluating estrogen plus progestin or estrogen alone for any clinical outcome have enrolled a total of 13,942 women. Of these, only 333 black women were enrolled (2.4%). [14] [15] [16] [17] [18] [19] Against this background, the two WHI randomized, controlled hormone clinical trials with their diverse racial/ethnic study populations provide a unique opportunity to assess the relationships among menopausal hormone therapy and health outcomes in black women. 1, 20 In the WHI hormone therapy trial evaluating estrogen alone in postmenopausal women with prior hysterectomy, in analyses including all participants, estrogen-alone use significantly reduced breast cancer incidence. 21, 22 Recently, the 1,616 black women participating in the trial were also seen to have a significantly decreased breast cancer incidence with estrogen-alone use (hazard ratio [HR] 0.47, 95% CI 0.26-0.82). 23 As a comprehensive overview of the long-term effects of estrogen-alone use on chronic disease outcomes for black women in this trial has not been previously reported, we examined the cumulative risks and benefits for estrogen-alone use in postmenopausal black women participating in the WHI randomized trial overall and by African ancestry. The major objective was to determine if the substantial reduction in breast cancer risk seen with estrogen alone in black women occurs within a context of overall safety as measured by a global index of health outcomes under potential hormone influence.
METHODS

Design overview including setting and participants
Details of the design and implementation of the WHI trial evaluating estrogen alone have been described elsewhere. 24, 25 Postmenopausal women between 50 and 79 years of age with anticipated survival more than 3 years without a breast cancer history were eligible. Between 1993 and 1998, 10,739 women, including 1,616 black women, were entered from 40 clinical centers in the United States. A 3-month washout period was required for those using hormone therapies. The trial was approved by institutional review boards at the clinical centers, and the participants provided informed written consent.
Baseline information was collected using standardized questionnaires. Medication use was collected by review of participants' medication containers. A mammogram nonsuspicious for cancer was required for entry, and annual mammography was a prerequisite for ongoing study pill distribution. Body weight and height, determined using standardized methods, were used to calculate body mass index (BMI).
Race/ethnicity was based on participant self-report. Women who self-reported themselves as black had determination of African ancestry (available in 66% [n ¼ 1,061] of black women) using genetic information from 656,852 single nucleotide polymorphisms. The admixture contribution (a proportion ranging from 0% to 100%) of four ancestral populations (European, African, East Asian, and Native American) for each self-identified black women was estimated using Frappe software as previously described. 26 Three ordinal groups of African ancestry were created. Estimates of African ancestry were used to subdivide black cases into two groups: African Americans with less than 80% African ancestry and African Americans with at least 80% African ancestry (cut point representing median African ancestry among black women in the trial). The third group comprised white women who were assumed to have the least amount of African ancestry.
Randomization and intervention
In the estrogen-alone trial, women were randomized to daily conjugated equine estrogen (0.625 mg/d) alone (Premarin) or an identical appearing placebo. Randomization was performed by the WHI Clinical Coordinating Center using a computerized, stratified, permuted block algorithm. Coded study pills were distributed with both staff and participants blinded to group assignment.
Outcomes and follow-up
Clinical outcomes were reported at 6-month intervals and were confirmed by medical record review by local physician with final adjudication at the Clinical Coordinating Center. All self-reported strokes received central adjudication by trained neurologist reviewers. 27 Intervention ended on February 29, 2004 after 7.2 years' median follow-up based on no favorable risk-to-benefit ratio and increased stroke risk. 25 Per protocol follow-up continued through the original specified completion date March 31, 2005 . Continued follow-up required additional written consent, obtained in 78% of surviving participants.
Statistical analyses
The analyses described in this study were not protocol prespecified. They were conducted to determine whether the reduction in breast cancer seen in black women with estrogenalone use in this trial occurs within a context of overall safety considering the balance of health outcomes under potential hormone influence.
The trial monitoring outcomes included a global index representing the earliest time-to-event of seven major clinical outcomes felt to be under hormone influence and have impact on survival including CHD (myocardial infarction or death from heart disease), invasive breast cancer, stroke, pulmonary emboli, colorectal cancer, hip fracture, and death from all other causes. For the current analyses by race/ethnicity, an expanded venous thromboembolism category that added deep venous thrombosis to pulmonary embolism was also CHLEBOWSKI ET AL considered. The global index was, however, calculated as in prior WHI reports from this trial. 8, 18 Outcomes were assessed with time-to-event methods based on the intention-to-treat principal. HRs by race/ethnicity were estimated from Cox proportional hazard analyses that included indicator variables for randomization group and the interaction with race/ethnicity. The analyses were stratified by race/ethnicity, age, prior disease, randomized assignment in the WHI dietary-modification trial; statistical significance was based on the test of interaction. Comparisons of findings in black and white women are shown for the intervention phase as well as intervention and postintervention phases combined.
In addition, HRs were estimated in case-only analyses using logistic regression of randomization assignment stratified by the three ordinal groups of African admixture. For rare outcome (eg, <5% incidence during study followup), case-only analyses provide HRs and corresponding CIs for subgroups that are essentially equivalent to those that would arise if the subgroups were available on the entire randomized cohort. 28 Moreover, under a Cox model that stratifies on the baseline classification variable, the treatment HR can be calculated using logistic regression of the randomization indicator on subset indicator variables with ''offset'' determined by the randomization fraction of the trial cohort as a whole and genotyping rates.
All statistical analyses were conducted using SAS software version 9.3 (SAS Institute Inc) and R software version 2.15 (R Foundation for Statistical Computing). RESULTS Baseline characteristics for the two randomization groups (estrogen alone vs placebo) in both black and white women were well balanced (Table 1) . Substantial differences are, however, seen when comparing characteristics of black to white trial participants regardless of randomization group. Black women were younger and gave birth to their first child at a younger age, less commonly had prior hormone therapy use, and more commonly had moderate/severe vasomotor symptoms. In addition, black women were heavier and were more likely to have diabetes, hypertension, and a history of myocardial infarction or stroke.
Study results for invasive breast cancer, CHD, and other clinical outcomes during the 7.2 years' (median) intervention are shown in Figure 1 . Among white women, those in the estrogen-alone group had fewer hip fractures and somewhat fewer breast cancers compared with those in the placebo group. Among black women, there were also somewhat fewer breast cancers in the estrogen alone compared with the placebo group. Race/ethnicity did not significantly modify the effect of estrogen alone on any of the clinical outcomes separately, or combined (global index) (P interaction in all cases !0.30).
Cumulative study results, after 13 years' (median) followup incorporating both intervention and postintervention events, are shown in Figure 2 . The 53% reduction in breast cancer incidence with estrogen-alone use in black women (HR 0.47, 95% CI 0.26-0.82) was somewhat greater than that seen in white women (interaction P ¼ 0.06) and was associated with no adverse influence on the global index (HR 0.95, 95% CI 0.77-1.17). There were somewhat fewer venous thromboembolic events in black women in the estrogen-alone group (HR 0.63, 95% CI 0.38-1.06) with a significantly greater effect in black compared with white women (interaction P ¼ 0.049). Other outcomes, including CHD and all-cause mortality, were null with no differences between black and white women. Summary statistics from case-only analyses of black women, with genetic data, are overlaid to demonstrate the similarity of the case-only estimates with those from full cohort analyses (Fig. 2) .
Baseline characteristics by percent African ancestry, including breast cancer risk factors, are shown in Table 2 . The black women with more than 80% African ancestry, compared with black women with less African ancestry, tended to be younger and younger at first birth, less educated, heavier, have lower income, less commonly had prior hormone therapy use, have had more term pregnancies, and were at slightly lower 5-year Gail breast cancer risk. Intervention results for the case-only analyses by African ancestry are shown in Figure 3 . In white women, the cumulative FIG. 1. Clinical outcomes in the Women's Health Initiative CEE-alone trial during the intervention phase according to race/ethnicity. Ã P value corresponds to a test of the interaction between randomization arm and race/ethnicity. CEE, conjugated equine estrogen; HR, hazard ratio.
FIG. 2.
Clinical outcomes in the Women's Health Initiative CEE-alone trial for the overall combined phases (cumulative follow-up) according to race/ ethnicity. To demonstrate the validity of the case-only analysis, HRs (95% CI) estimated from only black cases that had genetic data available are also displayed, and represented by the gray diamonds.
estrogen-alone influence on almost all clinical outcomes was not significantly different from zero. The reduction in breast cancer incidence with estrogen-alone use was significantly modified by African ancestry, where the largest benefit was observed among black women with at least 80% African ancestry (trend P ¼ 0.04 for effect modification by ancestry). A somewhat lower incidence in venous thromboembolism with estrogen-alone use was also seen in black women with at least 80% African ancestry (trend P ¼ 0.08).
The effects of estrogen alone on the global index in subgroups by age, BMI, vasomotor symptoms at baseline, and prior estrogen-alone use are further stratified by race/ ethnicity, and shown in Figure 4 . In these analyses, subgroup interactions did not vary by race/ethnicity. For example, for both white and black women, the HRs were more favorable in younger women regardless of race/ethnicity (P-three-way interaction ¼ 0.19). In black women, HRs were less than 1 in the clinically relevant subgroups of age 50 to 59 years (HR 0.65, 95% CI 0.43-0.98), experiencing vasomotor symptoms, and BMI (<25 kg/m 2 ). The global index HRs were essentially null in overweight and obese black women.
DISCUSSION
During long-term, cumulative follow-up of the WHI trial, estrogen-alone use significantly reduced breast cancer incidence in black women with no adverse influence on CHD, the global index, or all-cause mortality with a suggestion of reduced venous thromboembolism risk as well. The favorable effects of estrogen alone on the global index in black women beginning use in the fifth decade and those with vasomotor 
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symptoms are noteworthy as such women also would be most likely to climacteric symptom benefit from hormone use. Before this report, information on menopausal hormone therapy influence on any clinical outcome in black women has been limited. The current study, with randomized clinical trial findings based on 1,616 black women, addresses an unmet need by providing the first comprehensive, reliable information on estrogen-alone influence on long-term chronic disease risk in this population. The findings are of particular clinical relevance because, compared with white women, black women are more likely to have had a hysterectomy, making them more commonly candidates for estrogen-alone use. [29] [30] [31] Both in the general population 11, 12 and in participants in the current clinical trial, black women had substantially more risk factors for CHD and stroke than white women. In the WHI estrogen-alone trial, no increase in CHD 32 was, however, seen among black women during the 7.2 years' intervention with estrogen alone. We now report that no increase in CHD emerged during 6.8 years of additional postintervention follow-up. Although no overall increase in stroke incidence was seen in black women during the same period (48 vs 49 cases for estrogen and placebo groups, respectively, HR 1.04, 95% CI 0.70-1.56), the null result seems to differ from a HR for stroke of 1.61 (95% CI 0.90-2.90) for estrogen alone previously reported for black women during the intervention period. That subgroup analysis was, however, limited to ischemic rather than total stroke incidence. 33 Nonetheless, as estrogen alone significantly increased stroke risk in white women during the intervention period (1.47, 95% CI 1.12-1.93) with no interaction by race/ethnicity seen, 33 the estrogen result on stroke risk in black women requires cautious interpretation and confirmation from additional studies.
Several estrogen-alone effects may have mitigated the anticipated increase in cardiovascular disease based on the higher incidence of CHD risk factors in black women. Recently, an interaction between estrogen alone and race/ ethnicity on systolic blood pressure was reported. After 1 year in the WHI trial, estrogen alone increased mean blood pressure for white women (1.07 mm Hg, 95% CI 0.54-1.59), but   FIG. 3 . Clinical outcomes in the Women's Health Initiative CEE-alone trial for the overall combined phases (cumulative follow-up) according to African ancestry: case-only analysis. nA and nP are the number of cases in active arm and placebo arm, respectively. Ã P value corresponds to a 1 df test for trend of the interaction between randomization arm and race/ethnicity. CEE, conjugated equine estrogen; HR, hazard ratio.
FIG. 4.
Risk of global index in the Women's Health Initiative CEE-alone trial for the overall combined phases (cumulative follow-up) according to race/ethnicity stratified by select subgroups. The P value for the overall effect of CEE on global index corresponds to a test of the interaction between randomization arm and race/ethnicity. For the subgroup analysis, the not for black women (À0.17 mm Hg, 95% CI À1.44 to 1.09) (interaction P < 0.001). 34 An additional factor may have been the effect of estrogen alone in reducing fasting glucose levels and moderately decreasing diabetes risk. 35 In this regard, two reports have suggested most/all of the adverse cardiovascular disease risk seen in racial/ethnic minorities may be related to the higher diabetes incidence found in those groups, 11, 36 pointing to the potential importance of diabetes prevention interventions in minority populations.
The estrogen-alone effect in reducing breast cancer incidence in black women in the current report parallels findings in the entire WHI study population, where a statistically significant decrease in breast cancer incidence was seen. 21, 22, 37 The suggestion of greater reduction in breast cancer incidence with estrogen-alone use in black women with higher percentage of African ancestry supports a genetic contribution to the finding. Potential mediating mechanisms could include differences in reproductive hormone metabolism and/or differences in gene expression related to estrogen-receptor function in white and black women. 38 Ongoing studies are exploring these potential mechanisms.
In the WHI hormone therapy trials, the estrogen-alone effect on breast cancer differs markedly from the estrogen plus progestin effect on this outcome. In the WHI trial evaluating estrogen plus progestin, a statistically significantly increase in breast cancer incidence was seen overall, as well as in black women (HR 1.38, 95% CI 0.77-2.48). 39 Few prior observational studies have examined associations of menopausal hormone therapy and breast cancer in black women with mixed results seen. Interpretation of these studies is clouded by analyses combining results from estrogen-alone and estrogen plus progestin use where no increase, 40, 41 increase, 42 or decrease 43 in breast cancer risk have been suggested for hormone therapy use. In the Million Women's Study cohort, with 4,919 black women and 180 breast cancer cases, use of menopausal hormone therapy was associated with somewhat less breast cancer risk than seen for white women (HR 0.87, 95% CI 0.75-1.00). The analyses, however, combined findings for estrogen-alone with those for estrogen plus progestin use, precluding direct comparison to the current WHI results. 44 As most black participants in the Million Women's Study are first generation migrants, differences could be anticipated in comparison to findings in US women. Additional information comes from a case-control study from the African American Breast Cancer Epidemiology and Risk cohort. With 1,644 breast cancer cases, estrogen plus progestin use was associated with a significant increase in receptor positive breast risk. Estrogen-alone use was, however, not associated with either an increase or decrease in risk, 45 a result which differs from the WHI randomized clinical trial result where a reduction in risk with estrogen alone is seen overall and in black women. 21, 22 A reduction in breast cancer with estrogen-alone use differs from the preponderance of even recent cohort studies which consistently associate estrogen-alone use, especially longerterm use, with higher breast cancer risk. [46] [47] [48] For example, in the Nurse's Health Study cohort, an increase in breast cancer with estrogen-alone use was only seen after 20þ years' use. 46 Another observational study versus randomized trial difference is the short time from menopause to hormone therapy initiation found in most observational studies as there was little or no increase in breast cancer risk when estrogen-alone use was begun 5 years or more after menopause. 49, 50 Nonetheless, the concept of an actual reduction in risk with estrogen-alone use has received suggestive support from findings in other randomized trials. In the Estrogen for the Prevention of Re-Infarction Trial which entered 1,017 women after myocardial infarction, those assigned to the unopposed estrogen (estradiol valerate) had somewhat fewer breast cancers (HR 0.47, 95% CI 0.19-1.15). 51 Similarly, in a small trial in Denmark, 192 women randomized to daily 17-betaestradiol had a significant reduction in a combined endpoint of mortality or breast cancer (HR 0.42, 95% CI 0.18-0.97). 52 The remaining differences regarding estrogen-alone influence on breast cancer in randomized trials compared with observational cohort studies may represent confounding by currently unrecognized variables.
Study strengths include the randomized double-blind, placebo-controlled design, the number of black participants, baseline and ongoing mammography screening, long postintervention follow-up, and high-quality outcome assessment. Limitations include those associated with post hoc analyses and the modest number of events in some disease outcome categories, especially in analyses by African ancestry. Although African ancestry was not assessed in white women participating in this trial, in a recent study, only 1.4% of selfreported white women in the United States were found to carry at least 2% African ancestry. 53 
CONCLUSIONS
In summary, estrogen-alone use in black postmenopausal women with prior hysterectomy significantly reduced breast cancer incidence with no apparent adverse influence on CHD, venous thromboembolism, or all-cause mortality. The favorable effects of estrogen alone on the global index in younger black women, those beginning use in the fifth decade and those with vasomotor symptoms, are noteworthy and warrant further study. After full consideration of risks and benefits, the current findings provide reassurance for black women with prior hysterectomy who are close to menopause considering estrogen-alone use for climacteric symptom management.
